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Abstract
This paper analyzes inter-organizational relationships in the development of innovation,
focusing on the characteristics of the tasks partitioned among the actors. Building on the notion
of innovation development as embodying heuristic search processes, we identify two critical
dimensions: (1) the knowledge domain and (2) the level of task interdependencies. The
knowledge domain defines the level at which the problem solving occurs. The interdependency
domain focuses on the consequences of specific activities for the overall innovation process.
Different combinations along these dimensions are hypothesized to have different outcome
implications and to require different specific inter-organizational coordination mechanisms to
meet the desired goal.
Focusing on the relationship as the unit of analysis, 50 manufacturer-supplier
relationships are evaluated in three new product development projects. Data analyses show that
the type of knowledge being partitioned and its level of interdependency with the rest of the
project are important predictors of performance outcomes of the relationship. Further, the
analyses demonstrate a clear trade-off between short term efficiency-increasing and long term
learning-enhancing outcomes. Efficiency-increasing type of relationships require fewer
coordination efforts, are initiated later during the project, communication is less frequent and
occurs through non dedicated channels, problem solving is generally sequential rather than
overlapping. Learning-enhancing type of relationships require partner contacts well ahead of
the project tasks, working in overlap with higher levels of communication, frequently through
dedicated channels.
This research has several implications. First, it theoretically defines and empirically
documents the importance of the link between the characteristics of the tasks partitioned among
the actors and the expected outcomes of the relationship. Inter-organizational relationships are
neither good nor bad per se. Rather, their consequences depend upon the content of the tie.
Second, the research suggests focusing upon the single exchange tie as the unit of analysis,
rather than inferring its content indirectly by looking at actors' behaviors or attributional
properties. Third, it gives a practical insight about the operational mechanisms used to
organizationally structure inter-organizational relations and shows how such mechanisms are
central in pursuing different types of goals.
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1. Introduction
Research on innovation development processes has found evidence in different
settings for the importance of combining complementary competencies to achieve desired
goals (Allen, 1977; Larson and Gobeli, 1988; Cohen and Levinthal, 1990; Ancona and
Caldwell, 1992). Actors' cognitive limitations coupled with increasing levels of knowledge
attrition and specialization in several domains have increased the importance of knowledge
combination and extended it from the intra-organizational domain to the inter-organizational
domain (Clark, 1989; Link and Tassey, 1989 ; Pisano, 1990; Arora and Gambardella,
1991). The characteristics of the knowledge targeted by the search processes therefore have
become central.
We propose to focusing on the characteristics of the knowledge combined by the
partners to analyze inter-organizational relations in the development of innovation and link
(1) the characteristics of the task being partitioned, (2) the relationship outcome and (3) the
structuring alternative employed to govern the interaction.
To examine the characteristics of the task being partitioned it is useful to think of
innovation processes as problem solving activities and distinguish between two dimensions:
(a) the knowledge scope and (b) the level of task interdependencies. The knowledge scope
defines the level at which the problem solving occurs (Clark, 1985; Huber, 1991). The level
of task interdependency focuses on the consequences of the overall process of specific
activities (Eppinger et al., 1990; von Hippel, 1990). Since inter-organizational relations in
innovative processes involve by definition joint-problem solving activities, we can use these
two dimensions to characterize different types of relationships. Through the notion of task
interdependency, we can capture the impact on the overall project of the tasks being
partitioned. Through the notion of knowledge scope we can define the domain in which the
actors involved exchange information.
-1-
_
Different choices have different outcome implications. Previous research has
identified two effects of inter-organizational relations: short term efficiency-increasing effects
(Brusco, 1982; Mariotti and Cainarca, 1986; Clark, 1989), and long term learning-enhancing
effects (Ciborra, 1991; Hamel, 1991; Powell and Brantley, 1992). Efficiency-increasing
arguments consider that economic activities could indifferently be organized through internal
integration or through the combination and coordination of the work of separate economic
agents. The choice among the possible alternatives is cost driven. Learning-enhancing
arguments focus on knowledge-based transactions. Explicit knowledge can easily be
codified and therefore transfered among different actors. On the contrary, tacit knowledge is
embedded in its owner. Inter-organizational arrangements therefore become the necessary
structuring solution to overcome the difficulties of trading knowledge-based assets, by
providing the opportunities to establish direct contacts with the sources of knowledge and
their development environments.
To fully understand inter-organizational relationships, we therefore need to focus not
only on the characteristics of the work being partitioned among the different actors, but also
on their ultimate goal. Both efficiency and learning oriented ties are reasonable to establish.
Yet, different options will have contrasting outcomes and, more importantly, will require
different types of structuring investments in the relationship. In the research to be described
here, we use data from 50 manufacturer-supplier relationships in three projects developed
between 1992 and 1995 in the European major home appliance industry to show that: (1) the
type of knowledge being partitioned and its level of interdependency with the rest of the
project are important predictors of the outcome of the relationship; and (2) a clear trade-off
between efficiency and learning exists. To further understand these results, we examine the
coordination mechanisms used within the different types of relationship. Analyses show that
efficiency-oriented type of relationships require fewer coordination efforts, are initiated later
during the project, communication is less frequent and occurs through non-dedicated
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channels, and problem solving is generally sequential rather than overlapping. Furthermore,
the data indicate that in learning-enhancing relationships suppliers are contacted well ahead
during the project and start to work in overlap with the manufacturer, generating higher
levels of communication, frequently through dedicated channels.
This research points to four important theoretical and practical aspects for the
management of inter-organizational relationships in the development of innovations. First, it
extends the analysis of innovation processes as problem solving activities by determining the
role of knowledge characteristics. Second, the research develops a link between the type of
knowledge being traded and the expected outcome. Activating linkages with other economic
agents per se is neither good nor bad. Rather, consequences depend upon the content of the
tie. Third, it provides a field test of this argument focusing on the relationship as the unit of
analysis, rather than inferring its content indirectly by looking at actors' behaviors (Brusco,
1982; Piore and Sabel, 1984; Powell and Brantley, 1992) or attributional properties
(Harrigan, 1986; Anderson and Weitz, 1989; Nishiguchi, 1995). Finally, the research gives
practical insight to operational mechanisms used to structure inter-organizational relations and
shows how such mechanisms are central in pursuing different types of goals.
The rest of this paper is organized as follows. Section 2 elaborates the theoretical
arguments linking relationship type, structuring alternatives and outcome. In the first part of
the section, building on evolutionary approaches to economic activities, we frame inter-
organizational relationships in the development of innovations as joint search processes.
Such processes require efforts from all the agents involved in different individual tasks, all
necessary to achieve the final aggregate goal. Distinguishing between the level of
interdependency among the tasks and the type of knowledge involved, we propose to
articulate inter-organizational arrangements accordingly and suggest that this distinction
based on the content of the activity pursued through the interaction has different outcome
implications. The second part of section 2 elaborates this conclusion by distinguishing
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between two main relational outcomes, efficiency and learning. Efficiency-seeking ties are
aimed at reducing the overall costs associated with the transaction. Learning-motivated ties
are established to widen the partners' resource base. The notion of asset tradability is used to
distinguish the situations which would make one of the two options more appropriate to meet
the identified goals. Finally, the third part of section 2 establishes the link between
relationship type and relationship outcome focusing on the characteristics of the integration
mechanisms required to structure different alternatives. By combining the notion of
knowledge level and interdependency level, coordination efforts are related to efficiency-
oriented ties and learning-oriented ones. A set of hypotheses is developed to test the
marginal success of certain types of relationships in achieving different outcomes.
Section 3 presents the empirical study , discussing its research design, the definition
of variables, and the methods used for the data analysis. Section 4 presents the results of the
study showing strong support for the role of relational characteristics in understanding
relational outcome. More specifically, seven of the eigth hypotheses developed in section 2
find support in the analysis of the data leading to the conclusion that (a) the type of
knowledge being partitioned and the level of task-interdependency are important predictors of
the outcome of the relationship, and (b) a clear trade-off exists between efficiency and
learning.
These results are elaborated further in section 5, where they are discussed by
comparing the coordination mechanisms used within the different types of relationships. The
discussion shows how efficiency-oriented types require fewer coordination efforts. They are
initiated later in the project, communication is less frequent and it occurs through non-
dedicated channels. Problem solving is generally sequential rather than overlapping. In
contrast, in learning-oriented relationships suppliers are contacted well ahead of the project
and start to work in overlap with the manufacturer, therefore generating higher levels of
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communication, frequently through dedicated channels. Implications of these findings for
research and practice are discussed.
2. Task interdependencies and the nature of problem solving activities
Innovation processes involve the search for new solutions to meet market
opportunities through technological and organizational efforts. In any search process, the
actors involved face a problem and have to fulfill different tasks: first, define the problem
itself; second, decide on how to approach the identification and selection of the solution to
the problem; third, define the final solution in detail. Actors engage in what Nelson and
Winter have called "heuristic search processes" (1977, p.52), which affect the actors'
evolutionary patterns of development. Analysis of the characteristics of the knowledge
underlying search processes therefore becomes a fundamental starting point in understanding
these patterns of development and their implications for the actors involved.
Building on previous works on the theory of design (Marple, 1961; Alexander,
1964), Clark (1985) proposed to look at search processes as problem solving activities by
focusing on the level at which the search process occurs. Problem solving efforts can be
devoted to general understanding of alternative design concepts for approaching the problem,
and to the selection of one of thse concepts. Subsequently, problem solvers must shift their
attention should be shifted to clearly define the functional parameters of the selected design
concept.
Examples from several industries help to distinguish between these two levels of
activities. The choice between an electric or an internal combustion engine in the automotive
industry, between chemical synthesys processes vs. rational drug design in the
pharmaceutical industry, or the choice of an open-system architecture in the computer
industry represent selections among different design concepts which narrow the solution
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space. Yet, in each case, many elements still need to be determined. For example, for car
engines one has to determine the targeted power, fuel consumption levels, physical
positioning in the car-body and the like. Definition of the targeted level of fuel consumption
and power have then to be matched with choices about the number of cylinders, of valves per
cylinder, of how the valves are activated, and so on. The distinction between design concept
and functional parameter choice move these operational differences to an analytical levels.
The identified scope of the knowledge search is thus central in understanding the patterns of
development of the search itself. On the one hand, selection of the design concept impacts
the search process in the functional domain by narrowing it down. On the other hand, focus
upon the functional parameter domain might limit the opportunities offered by the choice of
an alternative design concept (March, 1981).
Scholars of organizations have approached these issues in a similar vein, modeling
organizations as information processing systems performing joint actions for the achievement
of a common goal (Thompson, 1967; Duncan, 1972; Galbraith, 1974). Joint action is
necessary because of the bounded rationality of the actors and the characteristics of the tasks
to be performed (Cyert and March, 1963). Individual actors need to access complementary
resources and exchange information and products to be able to complete their individual
tasks. The nature of the task affects these information flows. Depending on the level of
uncertainty in the task domain, actors will have to engage in more or less extensive and
complex search processes (Burns and Stalker, 1961; Woodward, 1965). Albeit slightly
differently formulated and operationalized (Aldrich, 1972), the level of task uncertainty can
be framed similar to the approach proposed by Clark (Schrader, Riggs and Smith, 1993).
On the one hand, the ultimate goal might be clear and identified, but the means to achieve it
need to be specified. On the other hand, the goal itself might need to be determined. In the
first case, the actors involved know the structure of the problem as well as the relevant
variables, and focus on the definition of the values to be assigned to these variables. In the
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second case, instead, the basic problem solving space is still unkown, either because the
integration between the individual variables and the approach chosen is not clear, or because
the approach itself is to be selected.
The need to distinguish the level at which the problem solving activity occurs is
reinforced, but another important dimension is added, the level of task interdependency. The
higher the level of information which needs to be accessed to complete each individual task,
the higher the interdependency among the actors, i.e. the more individual task completion
depends on others' actions (Galbraith, 1974).
Any problem solving activity involves the identification of a set of inter-related tasks
(von Hippel, 1990). Interdependencies arise when changes in one task are likely to require
changes in others, thus generating the need for additional problem solving activities.
Assuming that the tasks are partitioned among several actors, to influence the process one
can use two different but related strategies: (a) specify the tasks so as to minimize the need
for problem-solving across task boundaries (Galbraith, 1973; Duncan, 1976), (b) reduce the
cost of engaging in a given level of problem-solving across boundaries (Tushman, 1978;
Allen, Lee and Tushman, 1980; Katz and Allen, 1985). The first set of actions requires
analyzing the tasks to be partitioned and sorting them in an interdependency hierarchy, to be
used to arrange the final task partitioning choice. The second set of actions focuses on the
use of coordination mechanisms to ease cross-boundary problem solving.
Task inter-dependencies in organization problem solving routines profoundly affect
innovative processes. According to Henderson and Clark (1990), we can distinguish
between two different types of problem solving activities: component-related and integration-
related. The first type of activities refers to the understanding of characteristics of each
specific part involved in the realization of a product. The second type of activities refers to
the capability of integrating interrelated components. This distinction, building on a physical
representation of relevant knowledge embedded in the product affected by the development,
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articulates the information processing notion of task-interdependency. On the one hand,
problem solvers might have to focus on component related concepts leaving the integrating
mechanisms untouched, and therefore not impacting the existing interdependency structure.
On the other hand, the nature and characteristics of the inter-dependency among the tasks
might in and of itself be a domain of specific problem solving activities.
In interpreting innovation processes as problem solving activities it is therefore useful
to distinguish between two dimensions: (a) the knowledge scope and (b) the level of task-
interdependencies. The knowledge scope defines the level at which the problem solving
occurs. The level of task-interdependency focuses on the consequences of the overall
process of specific activities. The tasks being partitioned could be examined accordingly, to
determine their level of influence in achieving the final goal and the level at which the
knowledge base of the actors involved is activated.
Inter-organizational relations in innovative processes involve by definition joint-
problem solving activities. We can therefore use these two dimensions of problem solving to
categorize them. Using the notion of task interdependency, we can then distinguish between
(a) component-based relationships, as those focusing on problem solving activities which do
not propagate through the system via inter-dependencies, and (b) system-based relationships,
as those focused on components or subsystems which have high interdependencies in the
product. Indeed, this is normally the level of analysis used to examine inter-organizational
relationships in the development of innovation (Kogut, 1988; Ouchi and Bolton, 1988;
Nishiguchi, 1995)
Any problem solving activitiy within these two separate types of relationships,
however, occurs at different levels of knowledge scope. Using Alexander's (1964)
classification, we can distinguish between (a) relationships focused on functional parameters
and (b) relationships focused on design concepts. In the first case, external contacts are
established to further define an already internally identified solution. In the second case, the
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external links are specifically used to identify the concept domain and select among possible
higher level alternatives.
This classification offers a conceptual distinction between inter-organizational
relations based on the knowledge being partitioned and its impact on the overall problem
solving interdependency level. One can intuitively start to appreciate how different it might
be to work with a supplier of a specific component by defining up-front the relevant
functional parameters to be specified, rather than sharing the identification of the parameters
through the selection of the design concept. Similarly, the impact of the relation will differ as
to whether the work being partioned is central to (i.e. highly interwoven with other aspects
of) the overall project development or not.
To fully understand the differences among the possible alternatives it is necessary to
explore two more issues. First, the ultimate goal of the relationship should be clarified, as
well as how different goals might suggest different alternatives. Second, the link between
expected outcome and the characteristics of the work being partitioned should be established
to discriminate among such alternatives. The next two sections address these issues.
2.1. Performance implications of inter-organizational relations
According to several strands of literature, inter-organizational relations can be
activated with two objectives in mind: (a) increase the overall efficiency of the process , or
(b) tap into external resources, otherwise inaccessible, to augment the internal assets base,
even at the expense of short term inefficiencies. The two positions are somehow different
not only in their vision of the expected outcomes, but also in the characterization of the
processes driving such outcomes.
Efficiency increasing arguments consider that economic activities could indifferently
be organized through internal integration or through the combination and coordination of the
work of separate economic agents (Alchian and Demsetz, 1972; Williamson, 1975; Milgrom
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and Roberts, 1992). The choice among the possible alternatives is mainly cost driven and
the cost function can be built considering the peculiar characteristics of the transaction itself
and those of the actors involved (Williamson, 1979; Joskow, 1987), or rather incorporate the
single cost functions of the actors involved and compare the resulting outcome to the internal
integration solution (Brusco, 1982; Piore and Sabel, 1984). The Transaction Cost Economic
tradition builds on the first notion of cost efficiency to show how, under certain
environmental condition (low uncertainty), investments in generic assets can be sub-
contracted out to increase the overall performance of the system, reducing the total cost
function by economizing on transaction related costs (Williamson, 1989). Similarly, the
flexible specialization model describes the division of labor realized not under the roof of a
multiple unit company, but rather through the interaction of several specialized, distinct firms
(Piore and Sabel, 1984; Best, 1990). By leveraging on system-level economies, a non-
integrated structure can adapt more quickly to changes in the markets. On the one hand, high
specialization contrasts with a more integrated structure, facilitating a less costly and quicker
response to increasing levels of demand. Furthermore, the effects of exogenous shocks in
demand are spread across multiple units, thus decreasing the risks for the whole system.
In both cases, however, the main underlying assumption is that the assets being
transacted are perfectly transferable and available to the interested agents. If the integration
decision prevails, therefore, there are no obstacles to the substitution of external activities via
internal investments. This notion of perfect tradability, however, is rather controversial
(Barney, 1991) and markets have repetitively been proven to fail as viable structures to gain
access to and transfer certain types of assets (Mariotti and Cainarca, 1986; Kogut, 1988;
Pisano, 1991). Conversely, inter-organizational relations arrangements have started to be
considered not only as efficiency increasing solutions, but also as the preferred channels to
transfer certain types of assets (Roberts and Berry, 1985; Contractor and Lorange, 1988;
Doz, Hamel and Prahalad, 1989; Lorenzoni and Baden-Fuller, 1995).
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Since Arrow's famous information paradox (1974), there has been an effort to
distinguish among different assets according to whether or not they could easily be transfered
through market transactions. Building on the work of Polanyi (1967), several authors have
proposed a knowledge base interpretation of non-tradability (Teece, 1986; Winter, 1987; von
Hippel, 1988; Nonaka, 1994), distinguishing between explicit and tacit knowledge.
Whenever the knowledge is explicit, it can easily be codified and therefore transfered among
different actors. On the contrary, whenever the knowledge is tacit, it's "sticky" to whomever
owns that knowledge (von Hippel, 1994).
This "stickiness", a label for the degree of "non tradability", depends on cognitive
limitations of the agents involved (March and Simon, 1958; Cyert and March, 1963) and on
the embeddedness of knowledge assets within a particular setting (Argyris and Schon, 1978;
Weick, 1979). On the one hand, the recipient's or the knowledge holder's bounded
rationality can account for his or her inability to codify the relevant knowledge and make it
explicit (and therefore perfectly tradable). On the other hand, the development context itself
becomes necessary to fully understand the consequences and implications of the knowledge
being traded (Tyre and von Hippel, 1993). In the first case, the separation of the critical
asset from the owner is simply not feasible, almost making the knowledge owner become the
asset. In the second case, the separation of the asset from its incubating environment
sensibly affects its value for the recipient. Inter-organizational arrangements therefore
become the necessary structuring solution to overcome the difficulties of trading knowledge
base assets, by providing the opportunities to establish direct contacts with the sources of
knowledge and their development environments (Badaracco, 1991; Ciborra, 1991).
To fully understand inter-organizational relationships, we therefore need to focus not
only on the characteristics of the work being partitioned among the different actors, but also
on their ultimate goal. Both efficiency and learning oriented ties are reasonable to establish.
Yet, different options will have contrasting outcomes and, more importantly, will require
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different types of structuring investments in the relationship. Internal development costs can
be reduced by sub-contracting to outside agents part of the associated work. However, the
characteristics of the work being partitioned will influence the achievement of this goal and
need to be considered carefully to structure the relationship appropriately. In the next section
we link the characteristics of the work being partitioned and the expected outcome,
considering the role of structuring alternatives.
2.2. The role of organizational structuring alternatives: formulation of hypothesis
Relationships can be distinguished focusing on the type of knowledge involved in
joint problem solving activities and the impact of such activities on the overall project.
Relationships can also be distinguished by focusing on whether they were activated to
increase the efficiency of the combination of tradable assets or to provide opportunities to
gain access to non-tradable assets. We propose that there is a direct link between the
different types of relationships and their outcomes, and that the coordination mechanisms
needed to structure the possible alternatives are a useful way to understand the reasons for
such differences.
Efficiency oriented relationships are based on the assumption that all the relevant
information is readily available among the partners and is easy to transfer. Any knowledge
involved in the transaction is explicit, and likely to be codified in some form. Conversely,
any information being transfered among the parties can easily flow through predetermined
channels and the coordination efforts required are limited. Yet, the less codifiable and wider
in scope of the knowledge being transfered, the more efforts are required from the parties to
coordinate the transaction. Numerous studies on problem solving activities showed how
non-codifiable knowledge can effectively be transacted by person to person direct
communication (Imai, Nonaka and Takeuchi, 1985; Clark and Fujimoto, 1991; Aoshima,
1996), physical co-location (Allen, 1977; Tyre and von Hippel, 1993), and frequent
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information transfer (Allen, 1986; Bastien, 1987; Carter and Miller, 1989), generally
suggesting that the benefits from accessing such knowledge bases can only be appreciated in
the long run, when the coordination costs resulting from the interaction-specific investment
can be appropriately depreciated.
Close interactions set the conditions to reconsider the internal set of routines which
determine and characterize the existing knowledge base. Or, put differently, the way in
which information is transfered represents the necessary base for learning processes to occur
(Huber, 1991; Nonaka, 1994). In the short run, therefore, existing routines are exposed and
questioned by the new ones accessed by interacting. The variance of the knowledge base is
amplified and selection processes are activated to determine what will be retained. Once
retained, the new knowledge is subsequently exploited. In this perspective, therefore, the
benefit of inter-organizational interactions is reflected in a change in the actor's knowledge
base to be used in the future. Using the knowledge dimension of the problem solving
interactions framework developed earlier, we can therefore formulate the following
hypotheses:
Hla: Inter-organizational relationships focused on functional parameters will be more
efficient.
Hlb: Inter-organizational relationships focused on design concepts will provide greater
learning opportunities.
Another fundamental dimension to be considered as affecting the outcomes of inter-
organizational relationships is the level of interdependency of the activity being partitioned
with the rest of the project. von Hippel proposes that efficiency is increased by the division
of tasks among separate actors if problem solving activities on such tasks are not likely to
generate the need for additional problem solving activities in other parts of the project.
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Several project management techniques are organized around this idea. Traditional
optimization techniques such as PERT and CPM group tasks according to their overall time
impact on the project, distinguishing between those on the "critical path" from those not on
the critical path. Any delay in the completion of the former will cause a delay of the overall
project, while the latter can be more flexibly managed. Similarly, functional design tools
such as the House of Quality (Hauser, 1985) or some recent developments in clustering
algorithms (Eppinger et al., 1990) try to group tasks on the basis of their interdependencies.
The higher efficiency deriving from a partitioning of tasks low on interdependency can
essentially be attributed to the lower coordination costs required by assigning the work to
separate actors, who can complete it autonomously and then easily transfer it. Again, once
the partitioning choice has been made, there is no further need for articulate and frequent
interactions among the parties. On the contrary, they are limited by design. The increased
efficiency, therefore, indirectly limits potential learning processes.
The type of coordination mechanisms chosen fo efficiency reasons, in fact, do not
promote the interactions needed for complex knowledge exchange to occur. While
coordination costs might clearly be higher, interactions among highly interdependent
activities set the opportunities to reconsider initial solutions. In a way, the need for
coordination attracts attention to a larger set of problems than with low interdependent tasks.
Conversely, the role and importance of joint problem solving increases and, as we have seen
before, learning processes are fostered. Once more, we observe a trade-off between
efficiency effects and learning effects in inter-organizational relationships which can be
clarified using the characteristics of the problem solving activities involved. More precisely,
using the interdependency dimension of the framework developed before we can formulate
the following hypotheses:
H2a: Inter-organizational relationships focused on activities low on interdependency will be
more efficient.
- 14-
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H2b: Inter-organizational relationships focused on activities high on interdependency will
provide greater learning opportunities.
The hypotheses developed so far establish linkages between the type of relational
activities and their different consequences on partners' outcomes. This is important for two
reasons. First, we can recognize upfront that we have a wide choice of possible alternatives
in establishing outside linkages and that the characteristics of the problem solving activities
involved can be used to select the most appropriate link. Second, the selection among the
alternatives stems from the identification of the potential outcome, distinguishing between
efficiency-effects and learning-effects, thus linking expected and desired outcomes with
structuring alternatives.
Yet, there is presumably a trade-off between these two alternatives. Learning-
enhancing relationships no doubt come at a cost, while efficiency-increasing relationship
might provide only limited learning opportunities. Whatever the objective might be, it must
be consistent with the characteristics of problem solving activities divided among the parties.
Interactions focusing on functional parameters, as well as interactions on low interdependent
activities will increase efficiency. Interactions focusing on design concepts, as well as
interactions on highly interdependent activities will increase learning.
The two dimensions used to characterize problem solving activities, however, in
practice also interact. Let's think of a renovation building, for example, a typical project
involving the interaction among several independent subcontractors, usually coordinated by
the prime contractor. For the lighting of the different rooms, the prime contractor might hire
a light-architect to choose the appropriate lamps and accessories providing him with detailed
information about the wiring lay-out. This is a typical case in which the relationship is
focused on a low interdependent activity, although the freedom given to the light architect to
choose the type and style of lamps and accessories characterizes the relationship also as
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involving a wide knowledge scope. The problem is not limited to the determination of the
amount of light required for any given environment, but also on how the lighting should be
used to give character to the building, given a fixed wiring layout. Now if the prime
contractor invites the light architect to define the wiring as well, we then face a relationship
still characterized by a wide knowledge scope, but also generating a high level of task
interdependency. Decisions on wire-layout affect the positioning of other pipes and tubes in
the walls, the order in which the different facilities are installed, and so on.
To distinguish among the different possible relationships considering at the same time
both the level of task-interdependency and the knowledge scope, we can represent the
framework as in Figure 1 and distinguish among four possible categories: (A) relationships
focused on functional parameters for activities low on task-interdependency, (B)
relationships focused on functional parameters for activities high on task-interdependency,
(C) relationships focused on concept design for activities low on task-interdependency, and
(D) relationships focused on concept design for activities high on task-interdependency. 1
--- put Figure 1 about here ---
In cases of type A, the need for coordination among the parties is most limited. The
boundaries of the activities are clearly defined up-front by one of the actors and the related
work does not affect the rest of the project. The established relationship will live a life of its
own. The actor involved is given specific goals and its task is to meet them. Both the low
uncertainty in the task domain and the low interdependency do not demand any specific
investments in the relationships. Once more, however, the very same conditions promoting
efficiency do not generate opportunities for learning from the interaction.
1 This represesantation is used as an analytical tool to think about the effect of a simultaneous analysis of
both the dimensions in the framework, rather than to claim that the world can be neatly divided into a two-by-
two matrix.
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Type D situations have similar effects, albeit for different reasons. If the tasks are
highly interdependent, in fact, their partitioning among different actors should be limited to
avoid costly coordination investments. Yet, this choice implies that all the resources needed
to complete such activities are available internally, which might not necessarily be the case.
In these situations, to retain control of the process, one might be tempted to limit the type of
problem solving activities performed outside, by shifting responsibilities to predetermined
functional parameters only (thus turning into type B cases). However, this would result in
an inefficient separation, if the functional parameters have not been properly identified. The
only contribution from outside actors, in fact, will be limited to the pre-specified domain,
without questioning the overall solution space. On the contrary, by shifting to the outside the
whole problem solving process from the identification of the concept design, the overall
efficiency of the relationship will be enhanced, although at the expense of looser control of
the activity. The agents involved will have a complete opportunity to consider the
interdependency implications of their choices. Shifting responsibility and control over the
activities will result in greater autonomy and, conversely, in lower need for interaction
among the parties. The increased efficiency will therefore be accompanied by fewer
opportunities to learn from the interaction.
The outcome implications of categories B and C are a direct consequence of these
observations. B type of relationships are likely to be less efficient if the identification of the
relevant functional parameters has not been appropriate from the beginning. This will
generate iterations among the parties and the need for specific coordination and
communication to reconsider the problem and find an appropriate solution. Although
certainly costly, this type of relationships generates the conditions typical of learning by
mistake processes (Levitt and March, 1988). At the expenses of time and with greater
amount of resources, initial ideas are tested against their feasibility by forcing a specific
solution domain on third party activities. In C type of relationships the situation is rather
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different. While limiting the potential effect on the overall project by involving outside
agents in activities low on interdependency, the freedom allowed in the definition of the
concept design naturally generates the need for more articulate interactions among the parties.
Indeed, this type of relationships represents the best option to access outside knowledge
sources while limiting the impact of this process on the overall project.
To complete the specification of the link between the type of problem solving
activities being partitioned and the relationship outcome, we can reframe these observations
as interaction effects between the level of task interdependency dimension and the knowledge
scope dimension. More precisely, we can formulate the following hypotheses:
H3a: Inter-organizational relationships where both the level of task interdependency and of
knowledge scope are low will be more efficient.
H3b: Inter-organizational relationships where both the level of task interdependency and the
knowledge scope are high will be more efficient.
H4a: Inter-organizational relationships where both the level of task interdependency and the
knowledge scope are low will provide fewer learning opportunities.
H4b: Inter-organizational relationships where and the knowledge scope are high will provide
fewer learning opportunities.
3. Empirical analysis
To investigate the link between the content of the relationship and its outcome
implications we focused on supplier-manufacturer relationships. Two very different aspects
of supplier-manufacturer ties can be identified in the research literature: the first is concerned
with the role of suppliers' relationships in building strengths in manufacturing (Nishiguchi,
1987; Lamming, 1989; Cusumano and Takeishi, 1991). The emphasis here is on
improvements of the production process due to suppliers' involvement in quality control
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practices and a better integration of all parties in the production plan. The second approach
tackles the roles, if any, that suppliers are called to play in the development of new products
(Imai et al., 1985; Clark, 1989; Hakansson, 1989; Helper, 1989; Lipparini and Sobrero,
1994). The current study continues along this second type of approach to vertical relations
with two main objectives deriving from the previously developed theoretical framework.
First, we propose to show the importance of a distinction among different types of vertical
relationships, focusing on their outcome implications. Second, we intend to explore the role
of coordination mechanisms in this process.
3.1. Research design
Data on 50 supplier-manufacturer relationships were collected in a longitudinal field
study of three new product development projects, conducted during 1995 in three different
business units of one the largest European major home appliances manufacturers. The study
was conducted in three stages. First, projects were selected through extensive interviews
with top management to meet three criteria: (1) coverage of the whole innovativeness
domain, defined as the extent to which the project represented major or minor departures
from the strategic business unit's (SBU) existing market and technical competencies, (2)
recency, to account for both memory retrieval problems in the analysis of past events
(Larsson, 1993) and industry specific development cycles, and (3) analytical
representativeness (Yin, 1994),2 to select projects which were considered to be typical of
their kind and to avoid outliers, i.e. unusual or critical cases.
2 It is important to distinguish between analytical and statistical representativeness. In the first case, the
discriminant criterion lies in the adherence of the selected observation to the logical categories defined upfront.
In the second case, instead, it is defined by the attributional properties of the sample with respect to the larger
population it is a part of. In the first case, applied in this study, it suffices to define certain analytical
dimensions and find matches between them and the selected cases. In the second case, instead, it is necessary
to define upfront the proper population and insure that sampling criteria guarantee a balanced sample.
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Following these criteria, three projects in three different SBUs were selected. The
first two projects were still under development during the data gathering, while the third one
had already reached the commercialization stage about 9 months before. One project (Project
1) is about a radical innovation requiring a complex blend of actions on the product, the
process and the organizational side. The second one (Project 2) involves the re-engineering
of an existing product family, while the third one (Project 3) is in between the two and
regards the introduction of a new product family that is strongly technically and commercially
anchored to existing ones.
The second phase of the research was dedicated to an in depth analysis of each single
case to gain a full understanding of the development context. The data resulting from this
second phase are presented elsewhere (Sobrero, 1996), and make explicit the processes
through which inter-organizational relations represent opportunities to generate variance in
the actor routine base, promote selection processes and favor the retention of imported
knowledge. In addition to that, during this second phase all the interactions with suppliers
that occurred during the project development process were identified. Using the sets of
components and machinery related to the new project as the reference base, project managers
were asked to identify all the cases in which suppliers were asked to perform some
development work. The initial information was cross-checked with all other project team
members and the business unit Purchasing manager. A total of 50 development supply
relationships resulted from this process, 21 for the radical project, 18 for the incremental
one, and 11 for the intermediate one.
The third research phase built on this set of interactions identified during phase two
and was dedicated to data gathering at the individual relationship level, the unit of analysis of
this empirical study. Using direct interviews, internal archives and structured
questionnaires, individual relationship data were collected for each of the 50 interactions
identified. Responses were further checked through a second round of direct interviews with
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the project managers. The final data-set can be thought of as three ego-networks (see Figure
2). Technically ego-networks identify the relational set of the sampled egos (Marsden,
1990). In this case, for each of the three egos - i.e. a SBU developing a project -
information was collected on all the relationships established with others - i.e. the suppliers.
The approach has two main advantages. First, it allows determining from the beginning the
perspective taken in the analysis of the relationships examined by identifying up-front the
egos, in this case that of the manufacturer. Second, by collecting data on all the relationships
established by an ego, it increases the variance in the relational set examined. These two
features are particularly relevant for this research because (a) the former stresses the
importance of capturing an entire relational set for monitoring the structuring decisions of the
central actor, (b) the latter provides access to different types of relationships, thus allowing
the comparison among alternative choices. The following section presents the data gathered
for each single relationship in detail and operationalizes the theoretical concepts developed in
the first part of this paper.
--- put Figure 2 about here ---
3.2. Variables definition and operationalization
Three aspects of a relationship are of conceptual interest here: its content, its
manifestation and its outcome. The content of the relationship tackles the nature of the
transaction between the parties. The manifestation captures how the parties chose to
structure the transaction. The outcome here defines the consequences of the relationship for
one of the actors, in this case the manufacturer. The following paragraphs describe how
these concepts were operationalized. Table 1 at the end of this section reports a summary of
all the variables included in the analysis and their conceptual meaning.
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3.2.1. The content of the relationship
Two separate variables are used to differentiate the relationships according to their
content. The first variable (Knowledge) captures the supplier's knowledge domain,
distinguishing these relationships where the supplier worked on the development of
manufacturer pre-identified functional parameters, from relationships in which the supplier
was responsible for the definition and choice of the design concept. The variable is a
dummy coded 0 for the first type of relationship for low knowledge scope and 1 for the
second type.
The second variable (level of task interdependency) focuses on the impact of supplier
activity on overall project interdependencies. It distinguishes those relationships involving
work on a specific component which has limited influence on the other parts of the project,
from relationships whose outcome are more likely to determine a larger impact on the
project. The variable is also a dummy coded 0 for the first type for low level of task
interdependency and 1 for the second type of relationship.
To code each relationsip accordingly, extensive direct interviews were conducted
with the project manager, articulating these two conceptual dimensions through the
operational activities performed during the project by the supplier. After an initial round of
interviews, a first classification of the relationships discussed was provided to the
interviewee, together with the account of the evidence that emerged during the previous
meetings which was used to guide the process. Possible disagreements were resolved
during an additional round of interviews and through the use of internal documents.
The combination of the two variables provides an operationalization of the four
different categories of possible interaction types identified in the theoretical framework
presented in Figure 1. In the category A, all the design work and the related problem solving
is done internally and the supplier receives detailed drawings and technical specifications to
be met for a component which is not considered to criticallly affect other parts of the overall
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project. The supplier's action domain is therefore limited to these technical orders and has
little consequences on the rest of the project. This group represents the traditional
subcontracting approach in new product development and is therefore labelled "Traditional
Subcontracting".
In category B the problem solving activity is still confined within components with
low interdependency with the rest of the project. However, the manufacturer here limits its
own activities by selecting an area of the project and delegating to the supplier the
identification of possible solutions. The supplier domain of action is therefore widened,
albeit limited to areas of low influence on the overall project. In this type of relationship, the
manufacturer tries to access a specific knowledge domain of the supplier, without limiting its
potential outcome by a predetermined set of solutions. We will call this type of relationship
"Advanced Subcontracting".
The third category, type C, captures the situation wherein the supplier action domain
is confined to responding to manufacturer determined specifications, but for components
which may critically impact other parts of the project. The problem solving efforts and
responsibilities of the supplier are therefore limited by the relevant action domain, but its
potential effects on the project itself are higher. In this type of relationship, suppliers are
recognized as an important source of knowledge, but the characteristics of the component
suggest limiting their freedom in problem solving activities. In a way, by being limited to the
functional parameter domain, they are integrated into the manufacturer's problem solving
logic and process. We label this type of relationship "Integrated Subcontracting".
In the fourth category, D, suppliers are responsible for concept design problem
solving activities for highly critical components. Despite the potentially high influence on the
overall project, suppliers are given freedom to define the solution starting from the concept
design domain and then moving to the functional parameter domain. This practice has been
highly documented in Japanese firms as a way to reduce the overall product development
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time and costs (Imai et al., 1985; Clark and Fujimoto, 1991). Components developed
according to these arrangements have been identified as Black Box parts, thus causing us to
identify this type of relationship as "Black Box Subcontracting".
3.2.2. The outcome of the relationship
To distinguish between efficiency effects and learning effects, two different
performance measures were collected. Both measures reflect performance from the
manufacturer's perspective. The data collected do not permit to capture a dyadic notion of
performance, neither measure considering the outcome of the relationship from the supplier's
point of view.
For each single relationship, the project manager was asked to fill out an evaluation
questionnaire containing 8 items on a 5 point Likert scale. Six items were used to obtain a
judgment of the performance in terms of its efficiency (i.e. schedule deadline, cost
objectives, quality levels, etc.). Two items were used to capture the learning outcome of the
relationship. Three different approaches were followed to validate these measures. First,the
correlation coefficients within the two sets of items were compared. Both were very high
and statistically significant. The average correlation coefficient for the Efficiency items was
.62 (p<.001) and the correlation between the two Learning items was .57 (p<.001).
Second, the whole set of items was subjected to a Principal Component analysis. The first
two eigenvalues accounted for 75 percent of the variance (50 percent and 25 percent
respectively). The Efficiency items all loaded strongly and positively on the first
(Component Loadings varied from .75 to .93) and not on the second (Component Loadings
varied from -.20 to .20), while the Learning items loaded strongly on the second
(Component Loadings .85 and .91) but not on the first (Component Loadings -.04 and .08).
Finally, Cronbach' s coefficient was calculated for both constructs (Efficiency Cronbach's
a = .91, Learning Cronbach's = .72).
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Thess analyses confirmed the distinction between the two types of outcomes as
measured, and suggested compounding the single item indicators into two indicators. To
create the Efficiency indicator, for each observation all the responses to the six items were
summed, weighted by their corresponding component loadings on the first eigenvalue.
Similarly, to create the Learning indicator, for each observation all the responses to the two
items were summed, weighted by their corresponding component loadings on the second
eigenvalue.
3.2.3. The coordination of the relationship
Sobrero and Schrader (1995) used the term "procedural coordination" to define the
means used to govern the mutual exchange of information for the combination of agents or
functions towards the production of joint results. This concept identifies the organizational
mechanisms used to structure the relationship among the different parties involved. It builds
on the organizational design tradition to extend its concepts and findings to the inter-
organizational domain. It is through the lenses of these coordination mechanisms, in fact,
that the efficiency and learning implications of different types of relationships can be better
understood. To operationalize this general concept, we focus on four different dimensions
which can be leveraged to enhance integration: frequency of communication, type of
information media used to exchange information, suppliers' early involvement in product
development activities and timing of upstream-downstream communication flows (Clark and
Fujimoto, 1991).
Research on communication shows the importance for faster and more effective
solutions of frequent contacts among the subjects involved in problem solving activities
(Allen, 1986; Bastien, 1987; Carter and Miller, 1989). In addition, numerous findings stress
the role of different information transfering media in enhancing the process. Direct verbal
contacts and personal interactions, either through meetings or phone calls, allow faster
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recognition than written communication of potential conflit among interdependent tasks.
Some new information technology tools, however, such as a shared CAD platform seem to
be combining effectively the richness of information deriving from oral communication and
its more rigorous formalization through written codification such as drawings, specifications
and the like (Orlikowsky, 1993). To capture this integation dimension, for each relationship
we determined how often the supplier and the manufacturer interacted during the project and
what information media they used predominantly.
In measuring frequency of information exchange a well known problem is that of
determining an appropriate anchoring lag for the observed setting (Allen, 1977). After
several in depth interviews in all the projects with different people at different levels of the
organization, the appropriate anchoring point was considered to be a month. Communication
frequency was therefore considered to be high if the manufacturer and the supplier
exchanged information more often than once a month, medium if they did so about once a
month, and low if less than once a month. Data on information frequency were coded using
a 5 point Likert scale (l=low, 5=high).
The prevalent way through which the manufacturer and the supplier interacted during
the project was assessed by predetermining a set of 5 options, derived from previous
research on communication in problem solving, ordered hierarchically following a Gutman
scale logic. 3 The options included in increasing order were: (1) drawings, (2) faxes, (3)
meetings, (4) personal communication among the project members and (5) electronic data
exchange, through the use of common platforms. Each relationship manufacturer-supplier
3 In Gutman scales, the options are ordered so that any lower rank one is included in higher rank ones. This
is clearly the case for information media. During the interviews, it emerged strongly that, for example, while
drawings were always exchanged among the parties when interpersonal contacts were also widely used, the
reverse was never true. The proposed ordering formalizes these observations, reflecting two assumptions
derived from communication theory (Rogers and Agarwala-Rogers, 1983). First, higher options are richer
ways of transfering information. Second, higher order options are usually accompanied by several other lower
order ones. The richer the information transfering media used, the wider the overall set of information media
used.
- 26-
*1 
C---:-----IF-- 
-C --·-- ·--- ----·------ --
relationship was assigned a "media effectiveness" value between 1 and 5 depending on the
prevalent communications option used during the project for that specific relationship.
Clearly these two dimensions of communication are not independent, and that was
reflected in the data. The variables were highly and significantly correlated (.71, p<.001).
We therefore combined them in one single indicator of Communication Activity adding the
scores on each variable weighted by the component loadings obtained from a principal
component analysis run on the whole set of observations for the two variables.
The other two dimensions of integration, suppliers' early involvement and the extent
to which sequential rather than overlapping modes of problem solving are used, take into
consideration the results of numerous studies on effective ways to increase product
development performance. For each relationship information was collected on two critical
dates: the first date the supplier was contacted during the project and the date the purchasing
contract was signed. This second date follows by about one month the official request for
proposals made by the manufacturer to a set of interested suppliers.
The following index was constructed to indicate how early the supplier was involved.
First, the number of days between the date of first contact and the date of project first
commercialization was used to show how far from the end of the project the first contact
occurred. Then this number was normalized by the total length of the project, measured as
the difference in days between the date of project first commercialization and the date of
beginning of the project. The resulting index varies between 0 (latest involvement) and 1
(earliest involvement).
Finally, to reflect the extent to which activities were organized in an overlapping
rather than in a sequential way another index was constructed. First we took the difference
between the date the contract was signed and the date of first contact with the supplier,
measured in days. The longer this span, the more both parties had a chance to overlap their
activities. The shorter this time, the more likely it is that first the manufacturer performs its
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part of the activity and then shifts it to the supplier, similarly to how an R&D department
might first define the product specifications and then turn them over to the engineering
department to complete the engineering-for-manufacturing. 4 This index was normalized
against the longest time span within each of the three projects, and varies between 0
(perfectly sequential) and 1 (completely overlapping).
3.2.4. Controls
Data were collected from three different projects. A group variable was therefore
used to control for possible differences among the projects. Research shows the importance
of the existence of previous contacts among the parties in explaining relationship patterns
(Roberts, 1967; Anderson and Weitz, 1989; Heide, 1994). Moreover, the length of time
since the contact was first established also emerged as a critical variable (Heide and Miner,
1992). For each manufacturer-supplier relationship we recorded the existence of a previous
contact with the supplier and how long the two had been interacting. A dummy coded 0
indicated no previous contact was established before that specific project, and 1 otherwise.
The length of any pre-existing relationship was measured by the number of days from the
first time the manufacturer had a contact with the supplier and the beginning of the project.
Data for two other aspects were also collected to control for possible threat to internal
validity. Conceptually, the economic value of the tie has long been claimed as the central
explanatory variable for understanding the outcome of an interorganizational relationship.
Cost-based indicators have been used to operationalize asset-specificity as well as relational
complexity (Monteverde and Teece, 1982; Joskow, 1987; Heide and George, 1990). In this
case we operationalized the relationship's economic value as the cost of the single component
4 The index really measures the opportunity for overlapping to occur rather than its effective presence in one
particular relationship. After several discussions with the people involved in the projects analyzed, however,
this measure seemed to be capturing adeguatly the presence of a sequential rather than overlapping approach in
organizing the design work with suppliers.
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being developed as a percentage of the full manufacturing cost of the final good being
produced. The full manufacturing cost was chosen as the benchmark over possible
alternatives (i.e. the market price, the project cost-target), since it is the base internally used
to set projects' financial goals.
Related to the notion of economic value of the exchange is the way in which the
transaction is legally governed. The classical argument is that more precise and detailed
definitions of the possible contingencies and of the clauses to govern such contingencies will
increase the outcome efficiency by limiting the chances for the emergence of opportunistic
behavior and deviances from original agreements. To operationalize the extent of contract
specification, the Purchasing Director was interviewed in each of the three business units in
order to characterize each single contractual arrangement. Using previous studies and
discussing these issues during the interview, ten possible elements worth specifying in a
contract were identified 5. Each of these elements was then associated with a 5-point Likert
scale to measure the extent to which one particular element had been specifically negotiated
with the supplier (5), rather than regulated according to some standard practices normally
applied to similar contracts (1). These data account at the same time for both the breadth of
contract definition (how many contingencies are considered), and its depth (to what extent
there was a specific investment in contractually regulating a relationship). The scores on
each item were added up and then divided by 10 (for the 10 items), generating a final
indicator between 0 (no element included in the contract) and 5 (all elements explicitly
negotiated for that specific relationship included in the contract).
--- put Table 1 about here ---
5 The elements were: price, quantity, lead time (i.e. time of response to manufacturer order), quality levels,
control practices, exclusivity clauses, volume elasticity (i.e. wllingness/ability to adapt to changes in the
quantity ordered quickly), penalties and fines, contract renewal, and purchase order activating procedures.
These items were identified as the ten most important elements to be specified according to the European
Association of Purchasing Managers.
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4. Results
The data analysis in this section moves through three separate stages. First,
univariate statistics are used to show the characteristics of the sample, assess the potential
influnce of inter-project differences and check for multicollinearity among the variables
selected. Then a dummy-regression model is employed to test for the explanatory power of
the relational content framework developed, controlling for other possible sources of variance
in the sample, using both the Efficiency and the Learning outcome measures. Finally,
individual coefficients are examined to test the hypotheses developed in section 2.
4.1. Univariate statistics
Table 2 reports the means, standard deviations and correlation coefficients for all the
variables previously defined. Table 3 partitions the whole data set along the three projects
and reports the tests for differences among the groups for all the different variables.
--- put Table 2 about here ---
--- put Table 3 about here ---
A first look at the data confirms the importance of previous relationships in the
sample. About 82% of the cases examined, i.e. 41 cases, involved suppliers with whom the
manufacturer already had interacted before the beginning of the projects for about 10 years,
and there are not significant differences among the groups. This might be a first explanation
for the limited use of contractual arrangements to govern the relationship. On average, only
two elements out of the possible ten were fully specified for a particular relationship, and
while there seem to be differences among the projects (F-test 2,47 = 13.042 p<.001), the
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highest value reported (1.78, for Project 2) still indicates a very limited use of the contractual
leverage. To better examine this pattern, Figure 3 reports the distribution of the responses
for the three projects for each of the items included. Price and quantity elements are present
in all the contracts observed. This is not at all surprising. What is more suprising is to
observe that among all the other possible elements, only three (lead time, quality levels and
control practices) are somehow explicitly part of the negotiation, and that exclusivity clauses
are included in only 3 cases out of 50. All the other issues (volume elasticity, penalties and
fines, contract renewal, purchase order activation procedures) are never negotiated within the
contract. This pattern of low reliance on the contractual governance of the relationship is
similar among projects, with a little more attention given to it by Project 2 In general,
however, we do not observe highly specific and detailed contracts to govern the relationships
observed.
--- put Figure 3 about here ---
These similarities in the relational set are extended also to the economic value of the
interaction. Considering the whole set of relationships established in each of the three
projects, the total value of all components developed through some kind of interaction with
the suppliers is 27% for Project 1, 19% for Project 2 and 25% for Project 3. On average, the
cost of each single component developed with a supplier is about 1.4% of the total
manufacturing cost and there are not statistically significant inter-project differences. The
variance in thiscase is higher, with some components worth up to 9% of the final
manufacturing cost of the product.
Since there seem to be at least some differences within the projects with respect to the
type of relationships established (inter group differences for: Level of Knowledge F-test 2,47
= 3.361, p<.05; Level of interdependency F-test 2,47 = 1.537, n.s.), it is interesting to
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compare the average value of the component among the possible different relationship types
(see Table 4). In Project 1 all the different options are used; in Project 2 no supplier is
assigned responsibility for the definition of design concepts of components or subsystems
moderately interdependent with the rest of the project; and in Project 3 only one supplier is
working on similar types of components and none working on the specification of functional
parameters of moderately interdependent ones. This difference among the projects led to a
moderate representation within the sample of what we previously labelled "Advanced" types
of relationships, which should be accounted for in the rest of the analysis. After controlling
for this aspect, however, the value of the components developed is spread among the
different types of relationship and there are no statistically significant differences either
among the groups, or among the projects.
--- put Table 4 about here ---
On average, relationships are activated in the first half of the project life (mean of
Early Involvement =.61), and although there is variance in the sample there are no significant
differences among the projects. The overall level of communication is also high, although it
varies among the cases but not across projects. However, while the level of overlap of the
manufacturer and supplier problem solving activity seems on average moderate (.49), the
disaggregated data show significant differences between Projects 3 and 1 (.76 and .62,
respectively) and Project 2 (.19).
4.2. The regression model
Two separate sets of regression models were used to test for the role of relationship
types in understanding outcome differential, first using the Efficiency measure as the
dependent variable and then using the Learning measure as the dependent variable. Within
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each of the two sets, we specified a baseline model without the relationship effect, and a full
model including the relationship effect. Differences in the R-square estimates between the
two models are used to assess the overall effect.
The baseline model includes as predictors the Component Cost, the Level of Contract
Specification and the Presence (or absence) of a previous relationship. An inspection of the
bivariate correlation coefficients between this last variable and the Length of previous
relationship shows a high and significant correlation between the two, which suggests a
potential multicollinearity problem. The Presence variable was therefore chosen between the
two for its easier interpretability. Subsequent sensitivity analysis did not show any
significant changes in the model estimates when Length of previous relationship was chosen
instead. The analysis of the bivariate intercorrelation among the variables included in the
baseline model does not point to multicollinearity within the sample. Since no major project
level effect emerged from the previous analysis of the data, no group variable was included
in either of the models to increase their parsimony.
To include the relationship effect in the full model, we included the Knowledge Type
dummy, the Interdependency Level dummy and a cross product of the two. As a
consequence, the intercept of the full model represents the Traditional type of relationships,
the Interdependency Level dummy captures the Integrated type, the Knowledge dummy the
Advance type and their cross product the Black-Box type. The comparison between the
baseline model and the full model therefore tests the importance of considering the type of
relationship activated in understanding the relationship outcome. The analysis of the single
coefficients provides a direct test for Hypothesis la, lb, 2a, 2b, 3a, 3b, 4a, and 4b.
After eliminating incomplete records, the final sample included a total of 46
observations. Tables 5 and 6 report the model estimates for both the baseline and the full
model, regressed on Efficiency and Learning. In both models the inclusion of the
relationship type variables significantly contributes to explaining variance in the outcome
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variables. In the case of Efficiency, the R-square goes up to .371 from .133 (A R-square =
4.92, p<.001), and the improvement in the model is even more substantial in the case of
Learning, where the R-square increases to .482 from a low .05 (A R-square = 10.98,
p<.001). 6 These results suggest that, after controlling for other effects generally associated
with the outcome of the relationship, a precise specification of the relationship type is an
important explanatory factor in understanding what actors are getting out of inter-
organizational ties. Moreover, the consistency of the model in estimating different type of
relational outcomes also suggests the appropriateness of articulating such measures,
distinguishing between short term and long term effects.
--- put Table 5 about here ---
--- put Table 6 about here ---
These conclusions are further strengthened by looking at the individual coefficients.
The Knowledge type effect is positively associated with higher levels of learning, providing
support for Hypothesis lb. Its association with the Efficiency level of the relationship,
however, is trivial and not significant. Hypothesis la is therefore not supported. The Level
of Interdependence effects, on the contrary, provide support for both hypothesis 2a and 2b.
Relationships involving components low on interdependency are more efficient than those
involving components high on interdependency. The lower levels of efficiency, however,
are compensated by higher levels of learning.
6 A residual analysis was performed on both full models to check for any violation of the underlaying
assumptions. A visual inspection of a normal probability plot of residuals, as well as the Liliefor -test
(dependent variable Efficiency, p=.39; dependent variable Learning, p=.56) did not show violation of the
normality assumption. The coefficient estimates tolerance values did not point to multicollinearity in the
data. No evidence emerged either from a visual inspection of the scatter plots and or from the analysis of
Cook's d and Hat's H statistics for the presence of outliers or high-leverage points. Finally, the analysis of
standardized residuals did not reveal the presence of heteroschedasticity in the observed sample.
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The analysis of the coefficients for the cross-products among these two variables
shows support for hypothesis 3a and 3b, as well as 4a and 4b. The use of Black-Box type
of relationsips, when suppliers are given full responsibility for the development of highly
interdependent components, on average shows higher levels of efficiency (coeff. estimate =
6.33, p<.05) but lower levels of learning (coeff. estimate = -3.16, p<.001). Once more,
these results show the presence of a trade-off between efficiency increasing type of
relationships and learning enchancing ones.
5. Discussion and conclusions
The results of statistical analysis of 50 supplier-manufacturer relationships in new
product development projects in the European major home appliance industry provide
support for two main issues. First, in examining inter-organizational relationships it is
important to distinguish different possible types of outcomes. The existance of a trade-off
between Efficiency and Learning oriented ties requires a specific, preliminary choice over the
possible alternatives to make sure that the original goals are met. You can't strike two birds
with one stone (see Table 7). But you can narrow down your target by focusing on the type
of problem solving activities as a way to distinguish among the possible alternatives, and
select the most appropriate one according to the desired outcome.
--- put Table 7 about here ---
Second, a closer look at the characteristics of the knowledge being partitioned
informs the selection of the alternatives. Whenever the activities being partitioned generate
high interdependencies for the rest of the project, they require more coordination efforts,
increasing the governance costs. The lower efficiency is accompanied by higher
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opportunities to activate the conditions for learning processes to occur. Higher coordination
efforts, in fact, means more opportunities to interact and to access tacit knowledge bases.
Similarly, the more freedom is granted to the supplier in the problem solving process, the
higher the learning opportunities, albeit, once more, accompanied by comparatively lower
efficiency. Interestingly, however, the joint effect of these two dimensions of problem
solving has similar effects on the relationship outcome.
To increase the short term gains from inter-organizational product development
activities, the options are therefore either to (a) use outside sources as mere traditional
subcontractors, assigning them specific tasks to be met for low interdependent project parts,
or (b) externalize completely the conception, design and realization of highly interdependent
parts, jointly working on their overall integration with the rest of the system. Although
apparently risky, if we only consider the interdependence dimension, the knowledge
dimension is central to understanding these results. Any limitation on this side, in fact, will
generate possible inefficiencies by separating the relevant knowledge base from the
responsibility to define a solution. Whenever for highly interdependent components one of
the parties identifies the concept design and subcontracts the definition of the functional
parameters, it generates a strong knowledge asymmetry, which, considering the importance
of the component for the overall project, is likely to propagate possible inefficiencies at the
overall project level.
A further look at the data is informative. In particular, it is important to focus on the
integration mechanisms used in the different types of relationships, since their use ultimately
determines the conditions for learning to occur and the investment required by the
relationship. In order to do so, the sample was partitioned using the level of task-
interdependency and the knowledge scope dimensions in the four types of manufacturer-
supplier relationships identified: Traditional, Integrated, Advanced and Black-Box.
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In general, suppliers in all categories are involved rather early in the process (see
Figure 4). The Timing index varies between a low .564 (Integrated relationships) and a high
.708 (Advanced relationships) indicating that suppliers are contacted for the first time during
the first half of the project. Traditional and Black-Box relationships show similar values
(.634 and .614 respectively). In both cases suppliers are assigned tasks which can be carried
out rather autonomously and their earlier involvement is key for compressing development
time. In contrast, Integrated and Advanced types of relationship show different patterns.
Whenever suppliers are given full design responsibility for low interdependent parts, they
tend to be contacted very early in the project, giving them time to experiment with different
solutions and alternatives. On the contrary, for highly interdependent components, when the
design responsibility assigned is limited to specific functional domains, the later supplier
involvement shows how problem solving activities at the concept design level have to be
completed before these contracts can be activated.
--- put Figure 4 about here ---
The Communication index nicely complements these observations (see Figure 5). It
captures both the frequency of communication between the manufacturer and the supplier
during the project, and the type of information transfer mechanisms used. The Traditional
type of relationship shows the lowest values, consistent with the characteristics of activities
represented in this category. Typically, in these cases, the supplier is given a very detailed
design developed by the manufacturer and is asked to engineer it. Black-Box relationships
show a much higher value (3.9), reflecting the higher complexity of the tasks involved, but
still lower than Integrated (4.5) and Advanced types (4.3). The highest value for Integrated
ties reflects the back and forth process recalled previously. By constraining suppliers'
domain of influence to the functional parameter domain, the proposed solutions may fail to
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take into consideration their interdependency implications. Since the Integrated category
deals with highly interdependent components, the result is a frequent exchange of
information to correct for these mistakes. In the Advanced category suppliers' freedom in
the design of low interdependent components give the manufacturer the chance to experiment
with different solutions and verify their ease of integration in the project. This slack,
however, needs to be managed through extensive contacts between the parties, which are
reflected in the high level of communication observed.
--- put Figure 5 about here ---
One way to overcome the costs deriving from higher level of communication could be
to increase the overlap of the activities between the parties (see Figure 6). Indeed this seems
to be the strategy chosen for the Integrated type of relationships, which show the highest
level of overlap (.637). However, considering that the relationship has been activated quite
late in time, this effort does not seem to pay. In this case the Level of Interdependency
dimension captures most of the effect, showing how Traditional and Advanced types, by
being off the critical path, do not justify investments in overlapping and rather suggest a
more sequential approach. This is particularly true for the Traditional type of subcontractins,
which show the lowest value among the four. In the Advanced type of relationships the
opportunities to overlap are essentially reduced to the joint evaluation of the proposed
solutions, similarly to what happens in the Black-Box case, although to a greater extent given
their higher level of interdependency.
--- put Figure 6 about here ---
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With this interpretation in mind, the high overlap values showed by Integrated types
looks even more as a reactive strategy attempting to overcome some of the difficulties already
encountered. Moreover, it also reflects the contemporaneous occurence in two different sites
of problem solving activities moving on two different levels. On the one hand, suppliers are
busy trying to come up with reasonable solutions at the functional parameter level, oftentimes
struggling with the peculiarity of the requests received in the absence of the needed complete
vision of the problem. On the other hand, the manufacturer engineers are closely monitoring
the effects of the proposed solutions on the rest of the project, and accordingly readjusting
their requests, after likely changes at the concept design level. Although there is overlap, the
different knowledge levels at which the separate activities occur generate a sequential effect,
which in turn translates into greater inefficiency.
These observations are important in supplementing the statistical analysis, which
provides the necessary support for the importance of a distinction between different types of
relationships according to the type of problem solving activities being partitioned. The
observations help to articulate such differences at the organizational level, offering possible
practical insights on structuring alternatives. In addition to that, more detailed observations
start to unveil the processes through which, in the different cases, efficiency rather than
learning opportunities emerge. This is an important point, especially with respect to the
learning implications. Although generally accepted and rather carefully developed at a
theoretical level, the reasons for and the implications of learning through interacting are still
quite poorly documented empirically, and will be examined more carefully in later research.
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Table 5 - Regression analysis: dependent variable = EFFICIENCY
Constant
Previous relationship
Cost of component
Contract
Level of task
interdependency (A)
Knowledge scope(B)
A*B
Model 1
22.181
(2.345)
-. 575
(1.676)
-1.257**
(.585)
-1.543
(1,115)
Model 2
21.695
(2.411)
-. 565
(1.532)
-.643
(.553)
-1.316
(1.029)
-2.901 *
(1.471)
.008
(2.314)
6.330**
(2.887)
n 46 46
df 42 39
R-square .133 .371***
A R-square 4.924***
* p<.l, ** p<.05, *** p<.01
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Table 6 - Regression analysis: dependent variable = LEARNING
Constant
Previous relationship
Cost of component
Contract
Level of task
interdependency (A)
Knowledge scope(B)
A*B
Model 1
6.224
(1.162)
-.062
(.831)
-.200
(.290)
-.669
(.553)
Model 2
3.222
(1.033)
.300
(.656)
-.378
(.237)
-.058
(.441)
2.345***
(.630)
4.293***
(.991)
-3.156***
(1.237)
n 46 46
df 42 39
R-square .05 .482***
A R-square 10.982***
* p<.l, ** p<.05, *** p<.01
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